With a focus on large-scale IT system development projects in diverse enterprises, this research suggests that a hybrid approach combining agile and plan-driven management methods should fit in a wider context of specific project characteristics. Although the extant research illuminates the advantages of the hybrid approach, very few empirical studies actually suggested that the hybrid approach can improve the likelihood of project success. This research results show that the hybrid approach should be more scalable than the agile method, and that the hybrid approach can provide better cost-benefit ratios compared to the traditional plan-driven method. These quantitative and qualitative findings offer a practical recommendation for the project manager or the project management office to utilize the hybrid approach appropriately.
I. INTRODUCTION
It is common in IT system development projects for project managers to deal with both project control issues and fast responses to changes in the project. The challenge in managing system development and IT projects comes from the fact that diverse stakeholders seek both predictability in the project scope and flexibility in the requirements due to uncertain and changing business circumstances. Furthermore, system development is often positioned as a critical subsystem in complex and large-scale hardware product development projects, wherein innovative outcomes are expected expeditiously while phase gates are applied to mitigate risks. In this case, agile methods alone may not be sufficient to produce desired results. Therefore, it is no surprise that research shows a trend of studies focusing a hybrid approach that uses plan-driven and agile-method together in enterprise level IT system development [1, 2, 3] .
However, there are, to the authors' knowledge, very few empirical studies to support that the hybrid approach can improve to the likelihood of project success. To address this knowledge gap, this paper is intended to provide an integrative empirical study of the hybrid approach using statistical data analysis of survey respondents (n = 117) and two qualitative case studies in Japan.
The objective of this research is to provide quantitative and qualitative evidence through actual project result data to illustrate that the hybrid approach works better than traditional plan-driven or agile methods for improving specific project success indicators. The hybrid approach has been highlighted as an important area for future research in recent studies on system engineering and project management disciplines [2, 3, 4, 5] . The results presented herein contribute to estimating costs and benefits of the hybrid approach compared to those associated with the plan-driven method.
II. LITERATURE REVIEW
This section presents a review of the existing literature on plan-driven, agile, and hybrid variants, and defines the scope of the hybrid approach.
linear. Phases in the plan-driven method typically include requirements analysis, design, implementation, testing and operation. These phases require a sign-off by the project manager to proceed to the subsequent phases. Requirements are baselined before design and implementation and implementation commences using an integrated change control process [7] . Thus, after finalizing the requirements in the initial phase, customer involvement is limited.
With the agile method, on the other hand, re-planning with customers is carried out iteratively even during the execution phase. Although highlevel requirements can be collected early in the project, team should repeatedly prioritize detailed requirements. Agile methodologies include more than six frameworks and practices [11, 12, 13, 14] . The most popular variants are Scrum [9] , Extreme Programming [15] , Crystal [16] , Dynamic Systems Development Method [16] , Lean software development [17] and Feature Driven Development [18] . The Agile Manifesto [8] consists of four value statements:
 Individuals and interactions over processes and tools  Working software over comprehensive documentation  Customer collaboration over contract negotiation  Responding to change over following a plan Two of the main features of the agile method are iterative scope definition and development, and incremental delivery [1, 19, 20] . The purpose of agile project management is to deliver reliable and innovative products within the cost and schedule constraints and, to mitigate risks proactively by managing the uncertainties inherent in the iterative process [19] . The agile project team must cope with rapid changes in project plan and active involvement of customers [21] . Project members should be able to improve productivity through the iterative incremental process and the active involvement of key customer members in the process [5] . The agile approach should be suitable for small projects and not for large-scale projects, but less for large-scale projects. The recommended number of team members is between five and nine [22] to be selfmanaged, and it might be not feasible to create the self-managed team in large-scale projects.
Although there are a few empirical studies to support the conclusion that the agile method can improve the likelihood of project success [5] , our preliminary study suggested that agile development has been applied in the project situations where novelty on market, system complexity and likelihood on large-scale rework (rate of changes [1] ) are all relatively higher [23] . However, the contribution on the cost-benefits would have been very marginal [5, 23] . This paper will compare project size, rate of changes, and cost-benefits of hybrid approach, agile method and plan-driven method.
Hybrid Approach
Recent research suggests an increasing tendency to use hybrid approach for enterprise level projects [2, 3, 4, 5] . Consequently, practitioners are faced with three options: plan-driven, agile methods and hybrid approaches [2, 3, 24] . For example, in the field of product development with a high level of novelty, flexible project management methods along with concurrent engineering, and spiral models with prototypes are often considered [25] .
The literature review revealed two types of hybrid approach. The first approach is to use both traditional plan-driven and agile variants, depending on the project phase [1, 3, 4, 5, 26] ; we denote this as -Hybrid by phases.‖ The second alternative involves utilizing mixed methods, via Scrum or XP for example, or using a plan-driven estimation tool in an agile development [27, 28, 29, 30] . We refer to this as -Hybrid by methods.‖ Additionally, the hybrid approach can be applied to both IT and non-IT projects. The hybrid approach would be effective in a large system development project where organizational and contractual issues would hinder the iterative development process inherent to agile method [3] . On the other hand, the hybrid approach in a stage-gate model context is often used in hardware product development projects undertaken by small companies [2] . Due to the increasing number of practitioners' articles [3, 31, 32] , this paper will focus on -Hybrid by phases‖ (Fig 1) for IT system development projects.
Although we could only identify few em- [33] . Through the literature review, our decision tree suggests that the hybrid approach can be applicable in large-scale projects with higher requirement uncertainties. For our empirical study in this paper, it is hypothesized that: (H1) The hybrid approach can be scalable for projects with high levels of requirement uncertainties. (H2) The hybrid approach can improve project success rates.
III. STATISTICAL DATA ANALYSIS
This section documents our data collection methods and the statistical data analysis results in order to evaluate the two hypotheses stated above.
Data Collection
To investigate properties of projects that use hybrid approaches, we designed an online questionnaire in order to collect data from practitioners; specifically, project managers and project team members in Japan. The questionnaire was distributed to potential respondents between March and June in 2015; several project management and agile development communities were targeted, as well as the authors' professional networks. Similar approaches to data collection have been utilized in previous studies into agile methods [5, 34] . The questionnaire has several sections with 70 questions in total in order to enable integrative analysis: respondent attributes (demographics), project attributes, project characteristics, project results, and project management methods. The project characteristics, actual results, and project management methods were evaluated with ordinal 5-point Likert scales. The questionnaire and descriptive analysis are provided in Appendix A. In a previous study [23] , the authors demonstrated the relationships between project success factors and agile methods with the same questionnaire; however, this paper focuses on the hybrid approach. We collected survey responses from 117 individuals, excluding 27 responses due to missing values. Respondents represented companies which were large (more than 10,000 employees, 27%), medium (500-10,000 employees, 40%), and small (less than 500 employees, 38%). In total 50% of the projects involved more than 20 team members, while the duration of 50% of projects exceeded 1 year. However, 70% of respondents were project managers and 70% of them had over 10 years' experience in project management.
Statistical Analysis Result
Our hierarchical cluster analysis and oneway analysis of variance (ANOVA) analysis indicated a cluster of hybrid approach which has responses from both agile and plan-driven methods (Fig  2 and Table 1 ). Using the rates of the agile and plandriven methods (Q15_1 and Q15_2 in Appendix A), the cluster analysis with Ward methods suggests three cluster; a chi-squared test rejects the null hypothesis that the data are independent (χ 2 =17.28, df=2, p<.001).
As is evident shown in Table 1 , cluster 1 can be identified as hybrid approach since agile (Q15_12) and plan-driven (Q15_11) methods both feature to a relatively high extent (p<.000). In addition, the hybrid approach (cluster 1) were used in the projects where the rate of requirement changes (Q10_9) was higher as compared to the pure plandriven methods (cluster 3), and where the project size of projects (Q8) was lager as compared to the pure agile method (cluster 2). These results support the first hypothesis (H1) in section II that the hybrid approach can be scalable for projects with high levels of requirement uncertainties.
In detail, cluster 1 (hybrid) used the plandriven methods more than cluster 2 (pure agile) and leveraged agile method more than cluster 3 (pure plan-driven). As shown in Table 1 , those results can be found in three plan-driven methods (scoping: Q15_1, scheduling: Q15_2, and gate review by document: Q15_3) and one agile method (gate review by the working system: Q15_8). In other responses about plan-driven or agile methods (Q15_# in the Appendix A), significant differences were not found among three clusters.
Furthermore, cluster 1 (hybrid) has a larger average rates of project success on cost (within budget, Q11_1 in Table 2 ). Cluster 2 (agile) has largest average rates on project quality (Q11_1) and project sponsor identification of the success (Q11_4). Cluster 3 (plan-driven) has a marginally larger average rates of project success on duration (on time, Q11_3). This finding can be extracted through a descriptive analysis in Table 2 . Although one-way ANOVA F-test cannot provide support in a statistical sense, in descriptive terms Table 2 results marginally support the second hypothesis (H2) described in section II that the hybrid approach can improve project success rates, specifically in terms of cost. 
IV. CASE STUDIES
This section provides qualitative evidence through case studies that used hybrid approaches successfully with specific project properties, and further evaluates the two hypotheses in section II.
Data Collection
We selected two IT system development projects from two different business organizations that used hybrid approaches. Data were collected through interviews; their authenticity was then validated by accessing publicly available information such as conference proceedings and articles [3, 35] . Two project managers involved in projects that employed the hybrid approach were interviewed to collect information for case studies. Main interview questions aimed to understand (1) needs of key stakeholders, (2) project characteristics such as size and duration, (3) project management approach and its contextual background, (4) issues and measures, and (5) final results and lessons learned from the project. Interview scripts were sent to the project managers ahead of the interviews, followed by 90-minute face-to-face interviews. These interviews were held between March and July 2016. These interviews were held between March and July 2016. The recorded conversations were converted to MS Word documents and sent to interviewees for corroboration.
Project Alpha
The objective of this large-scale (multiple teams) global procurement system integration project in a leading IT technology company. The objective of that project is to deploy the using a common procurement process and across interfaces with major customers in six countries. Although the highest priority of the stakeholders was to complete the project within 9 months, approximately 50% of the requirements have not been well defined. The project exhibits technical risk in terms of data interfaces and cross-country design alignment which could result in escalated costs to implement the system.
To deal with uncertainties and mitigate risks, the project team adopted a hybrid approach of plan-driven and agile methods. The initial phase used the plan-driven method with 2.5 months included for defining requirements and high-level design. The core project team documented detailed requirements for efficient communication with other teams. The project leader in the core project team stated that -the initial phase was important to officially reach agreement with all the teams about the documented architecture and review.‖ In the development phase, the core project team used the Scrum method to respond to changes efficiently. Iteration developments delivered not only functional requirements but also non-functional requirements that are usually managed by the plan-driven method. The development phase also incorporated plan-driven practices such as risk response planning along with multi-national stakeholders. The project team tried to manage the coordination with several teams with a defined architecture document and this plandriven-like document contributed to effective iterative development and the success of the project. As the project manager revealed to us: "Using Scrum with a light process of change control, we roughly estimated more than 15% cost (work effort) reduction. But if we did not agree with the architecture document in the initial phase, we could not have identified the source (problem) when they happened and it would have caused a delay with the release. The planning approach to avoid those risks was one of the success factors of this project."
As summarized in Table 3 , this case would support the two hypotheses (H1) and (H2) in section II. In a large-scale project alpha that used a hybrid approach with a plan-driven initial phase and a de- 
Project Beta
The objective of this small-scale (single team) project in a power supply company was to implement a web-based human resource management system. This project required high-level security and rigid authorization control. Further, the system interface is needed with other enterprise systems. Previously, the legacy system was used for many years, and the specification document of the legacy system had not been updated for its migration to the web-based application.
The project management team decided to use a hybrid approach to deal with the uncertainty associated with requirements and to ensure highlevel quality assurance. In the initial phase and highlevel design phase, the plan-driven method was adopted. With uncertainty cone analysis, the cap of the cost increase was estimated to be 20% of the total cost. In the detailed design and development phase, the agile method with three cycles of iterative development (Scrum) was used. The duration of each iteration was 3 weeks. The test phase was executed as a plan-driven method. Although 20 changes had to be incorporated, the project finished on-time and achieved about an 8% cost-reduction as compared with the plan-driven approach in all the phases. The project manager of the development vendor stated: "In the plan-driven method, the cost would increase by 50% because the rework had to be done as phase-2 after the first release. In this hybrid approach, such rework did not happen, since the customer was requested to attend meetings after completion of each iteration to review the working of the system…. the customer's satisfaction level was higher in using the hybrid approach than the plandriven approach. The users can interact with the system easily even without the detailed instruction manual since the detail development was done after listening to user opinions.‖ As summarized in Table 3 , this case further supports the two hypothesis (H1) and (H2) stated in section II. In this small project with a high level of requirement uncertainty, the hybrid approach can be used. Using agile iterative development and the plan-driven test phase, the project was successfully completed on-time with a measured cost-reduction as compared with the plan-driven approach.
V. DISCUSSION
The objective of this research is to provide quantitative and qualitative integrative evidence that hybrid approaches work better than traditional plandriven method or agile method. First, both survey data and the case studies supported the hypothesis that the hybrid approach can be scalable on project size (number of teams) for projects with high levels of requirement uncertainties (H1 in section II). Existing literature has asserted that pure agile methods are more common in small single team consisting of 6-10 members [19] . Our case studies were substantively heterogeneous in scale and scope, yet the hybrid approach worked well in both (Table 3) . Second, both survey data and the case studies support the hypothesis that the hybrid approach can improve project success rates (H2 described in section II), specifically with respect to cost. Existing literature has posited that the pure agile approach tends to only offer marginal cost improvements [5, 23] . Our case studies showed that the hybrid approach is expected to provide bigger cost benefit as compared with the plan-driven method in largerscale IT system development projects (Table 3) .
These quantitative and qualitative findings can form the basis of practical recommendations for project managers or project management offices (PMO) to appropriately utilize hybrid approaches. In IT system projects with higher requirement uncertainties and larger numbers of teams, the hybrid approach combining agile development and plandriven requirement definition and tests would increase the likelihood of improving the cost-benefit ratio by possibly 8-15% as compared with the pure plan-driven method.
VI. CONCLUSION
This paper presented an empirical study of the usage and benefits of hybrid approaches combining the agile and traditional plan-driven methods. Our statistical analysis and case studies provided quantitative and qualitative integrative evidence that hybrid approaches work better in larger-scale project contexts with higher levels of requirement uncertain- Further, the hybrid approach increases the likelihood of improving the cost-benefit ratio, compared to purely plan-driven methods. Although these findings may provide practical insights to appropriately utilize hybrid approaches, our empirical study has limitations in that the results may not necessarily generalize beyond our survey sample and case-study interviewees. Our past research indicated that the pure agile method could be used in low-criticality projects and the agile team would need higher skill on agile iterative developments [23] . Further empirical research is certainly warranted to explore and understand the contexts and criteria against which these different methods are appropriate.
